(19) 


J 


Europalsches Patentamt 
Eur pean Patent Office 
Offic europeen des br vets 



(12) 


(11) EP1 311 145 A1 

EUROPEAN PATENT APPLICATION 


(43) Date of publication: 

14.05.2003 Bulletin 2003/20 

(21) Application number: 02080618.8 

(22) Date of filing: 06.04.1999 


(51) Intci7: H05K3/24, C25D 5/06, 
C25D 5/02 


(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

(30) Priority: 06.04.1998 GB 9807280 

(62) Document number(s) of the earlier application (s) in 
accordance with Art. 76 EPC: 
99914642.6/1 072 176 

(71 ) Applicant: Technology Development Associate 
Operations Limited 

Market Harborough, Leicestershire LE16 7P5 
(GB) 


(72) Inventor: Lowe, John M. 

Leicestershire LEI 6 8BQ (GB) 

(74) Representative: Snelgrove, Susan Elizabeth 
Eric Potter Clarkson 
Park View House 
58 The Ropewalk 
GB-Nottlngham NG1 5DD (GB) 

Remarks: 


This application was filed on 1 8 - 12 - 2002 as a 
divisional application to the application mentioned 
under INID code 62. 


(54) Method of providing conductive tracks on a printed circuit 


(57) A method of providing conductive tracks on a 
printed circuit (10) by electro-plating conductive tracks 
(14) which have been produced by printing them onto a 
substrate (12), comprising coating the substrate (12) 
carrying the printed tracks (14) with an electro-plating 
solution using a tool (16) which provides a first electrode 


of an electro-plating circuit and with a second electrode 
provided by the tracks (14) which are to be electroplat- 
ed, the conductive tracks (1 4) being treated with a scan- 
ning electron beam to ionise the tracks and create an 
opposite polarity to the polarity of the first electrode to 
form the second electrode of the electroplating circuit. 
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Description 

[0001] This patent application is a divisional applica- 
tion of European Patent Application number 
99914642.6, which claims a method of providing con- 
ductive tracks on a printed circuit and an apparatus suit- 
able for use in carrying out the method, as described 
herein. 

[0002] This invention is concerned with a method of 
providing conductive tracks on a printed circuit. 
[0003] Awell-known andconvenlentway of producing 
printed circuits includes the printing of electrically con- 
ductive tracks on a substrate, for example using screen 
printing techniques. The tracks are printed using an 
electrically conductive ink which typically comprises a 
polymeric material having electrically conductive parti- 
cles, for example copper, silver or other suitable metal, 
dispersed in the polymeric composition. The polymeric 
materials are typically cured to a solid condition by sub- 
jecting them to radiation for example infra-red radiation 
or ultra-violet light. 

[0004] Although the conductive inks which are used 
have a sufficient electrical conductivity for use in certain 
circumstances, the electrical conductivity has in no case 
been as great as the electrical conductivity of copper or 
other highly conductive metals. Even the conductive 
inks with the best performance have electrical conduc- 
tivities which in most cases are only one tenth of the 
electrical conductivity of copper It has been proposed 
to enhance the conductivity of the conductive tracks in 
continuous printed circuits by electro-plating the tracks 
with a suitable layer of metal for example copper but in 
order to carry out electro -plating it is necessary to have 
a continuous electrical circuit: that Is not conveniently 
possible where the printed conductive tracks of a printed 
circuit are discrete and are not connected with one an- 
other. Furthermore, electro-plating has required the im- 
mersion of the substrate carrying the printed conductive 
tracks in a bath of suitable electro-plating solution: that 
technique restricts the substrates which can be subject- 
ed to such an immersion electro-plating technique - for 
example paper based substrates are generally unsuita- 
ble as they will tend to be attacked and softened by the 
electro-plating solution. It has also been proposed to 
provide a more conductive coating on conductive tracks 
of printed inks by etectroless plating. Electroless plating 
involves the use of plating solutions which are less sta- 
ble than those commonly used in electroplating and the 
process is less readily controlled. Furthermore, electro- 
less plating still requires the substrate to be immersed 
in the plating solution with the consequent possibilities 
of attack of the substrate as well as being restricted In 
the thickness of deposit. 

[0005] One of the objects of the present invention is 
to provide an improved method of providing conductive 
tracks on a printed circuit by electroplating. 
[0006] The invention provides a method of providing 
conductive tracks on a printed circuit by electro-plating 
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conductive tracks which have been produced by printing 
them onto a substrate in accordance with claim 1 of the 
appended claims. 

[0007] In one aspect the invention may be considered 
5 to provide a method of providing conductive tracks on a 
printed circuit by electro-plating conductive tracks which 
have been produced by printing them onto a substrate, 
comprising coating a substrate carrying the printed 
tracks with an electro-plating solution using a tool which 

10 provides afirst electrode of an electro-plating circuit and 
with a second electrode provided by the tracks which 
are to be electroplated and wherein the conductive 
tracks are treated with a scanning electron beam to Ion- 
ise the tracks and create an opposite polarity to the po- 

15 larity of the first electrode and thus form the second elec- 
trode of the electroplating circuit. 
[0008] In carrying out a method in accordance with the 
invention the ink forming the conductive tracks prefera- 
bly comprises a cured polymer composition loaded with 

20 electrically conductive particles. 

[0009] Preferably in carrying out a method in accord- 
ance with the invention use is made of apparatus includ- 
ing a tool which comprises an absorptive member in 
which the plating solution can be carried, in which the 

25 first electrode is in electrical connection with plating so- 
lution carried by the absorptive member, and in which 
the coating of plating solution is applied to the substrate 
by wiping the absorptive member over the substrate. 
[0010] Conveniently in carrying out a method in ac- 

30 cordance with the invention the plating solution compris- 
es copper sulphate; however, any suitable electro-plat- 
ing solution which can be carried by the absorptive 
member may be used. In carrying out a method in ac- 
cordance with the Invention the conductive tracks are 

35 conveniently coated with plating solution sufficientto de- 
posit a layer of copper on the tracks which is of a desired 
thickness, typically 20 microns (^m) in thickness. 
[0011] In carrying a method in accordance with the in- 
vention, use is preferably made of a tool in accordance 

^0 with the invention. 

[001 2] The absorptive member of a tool in accordance 
with the invention may be provided by any suitable 
means within which the plating solution may be ab- 
sorbed - for example the absorptive member may com- 
prise a brush or a flexible foam material having intercon- 
nected pores. 

[001 3] Suitably a tool in accordance with the invention 
comprises means to feed a supply of plating solution to 
the absorptive member. 

50 [0014] In another aspectthe invention may be consid- 
ered to provide a printed circuit comprising a plurality of 
discrete conductive tracks, each track comprising a lay- 
er of a cured electrically conductive ink on an electrically 
insulating substrate and a layer of conductive metal de- 

55 posited on the cured ink by electro-plating. 

[0015] In carrying a method in accordance with the in- 
vention it is not necessary to immerse the substrate car- 
rying the conductive tracks in a plating bath. The quan- 
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tity of plating solution which comes into contact with the 
substrate is very small and the method can in effect be 
regarded as a substantially dry electro-plating method: 
consequently, it is possible to electro-plate tracks on 
substrates which cannot be electro-plated by an immer- 
sion system. Furthermore, in carrying out the preferred 
method in accordance with the invention, it is not nec- 
essary that the conductive tracks be continuous, the use 
of the scanning electron beam technique enables dis- 
creet electrically conductive tracks to be electro -plated. 
A method in accordance with the invention can be con- 
trolled to provide an accurate plating thickness: the 
thickness of a layer applied by electro-plating is a func- 
tion of current and time for which the eiectro-plating so- 
lution is in contact with the region to be plated. It is there- 
fore possible to electro-plate regions of a printed circuit 
to provide electro-plated regions of different thickness 
thereby permitting adjustment of the resistance of re- 
gions of the printed circuit to provide resistors of the cir- 
cuit. Such a system is particularly conveniently carried 
out using the scanning electron beam, which can be tar- 
geted accurately on to a specific conductive track and 
moved rapidly to achieve the desired conductivity. 
[0016] Although in carrying out a method in accord- 
ance with the invention the tool by which the plating so- 
lution is applied may be hand held, it is preferable to 
mount the tool in a suitable machine which may wipe 
the tool across the surface of the substrate carrying the 
conductive tracks. 

In the accompanying drawings:- 

[0017] 

Figure 1 is a diagrammatic plan view of a printed 
circuit having discrete conductive tracks showing a 
tool in accordance with the invention. 

Rgure 2 is a diagrammatic side view of a tool suit- 
able for use in carrying out a method in accordance 
with the invention of the parent application to this 
application and itself illustrating the invention of the 
parent application in one aspect. 

[0018] A printed circuit 10 is shown in Figure 1. The 
printed circuit comprises a substrate 1 2 on which are 
printed a plurality of conductive tracks 1 4. The tracks 14 
are printed onto the surface of the substrate 12 using a 
screen printing technique, the screen printing ink being 
provided by a polymeric composition loaded with elec- 
trically conductive silver particles and cured by expo- 
sure to ultra-violet light to provide a pattem of discrete 
conductive tracks. The tracks as initially printed using 
the UV curable ink are of relatively low conductivity. 
[0019] In carrying out the illustrative method, of en- 
hancing the conductivity of conductive tracks which 
have been produced by printing them onto the substrate 
1 2, the substrate carrying the printed tracks 1 4 is coated 


with an electro-plating solution using a tool 16 which is 
indicated in chain dot line on Figure 1 . 
[0020] As can be seen viewing Figure 1 the tool 16 
extends completely across the substrate 16. Thus, as 
5 the tool 1 6 is wiped across the surface of the substrate, 
the conductive tracks 14 are electro -plated. The electri- 
cal current supplied by the electro-plating circuit, In con- 
junction with the speed of travel of the tool across the 
surface of the substrate provides a control of the amount 
10 of electro-plating metal which is deposited on the con- 
ductive tracks and is suitably controlled to provide a lay- 
er of metal electro-plated on to the conductive tracks, 
which is of a desired thickness, normally between 10 
and 15 microns in thickness. Any appropriate electro- 
ns plating may be used but a common copper sulphate 
electro-plating solution may be appropriate. 
[0021] When the surface of the substrate 1 2 has been 
treated by the tool 1 6, any excess electro-plating solu- 
tion may be rinsed from the surface of the substrate 1 2, 
20 if necessary. 

[0022] As the lines printed on to the substrate 12 by 
the curable Ink may be relatively fragile the pressure ex- 
erted by the tools 16 on the substrate should be very 
light. 

25 [0023] The illustrative method provides a readily con- 
trolled method of electro-plating discrete conductive 
tracks carried on the surface of a printed circuit sub- 
strate. As the substrate is not immersed in an electro- 
plating bath, and the method is a substantially "dry" 
30 method of electro-plating, with only small amounts of 
electro-plating solution coming into contact with the sub- 
strate, it is possible to electro-plate substrates which 
would be adversely affected by immersion in an electro- 
plating bath. Furthermore, the method allows electro- 
ns plating of discrete conductive tracks which has not hith- 
erto been possible in any convenient manner. 

Claims 

40 

1 . A method of providing conductive tracks on a print- 
ed circuit (10) by electro-plating conductive tracks 
(1 4) which have been produced by printing them on- 
to a substrate (12), comprising coating the sub- 
strate (12) carrying the printed tracks (14) with an 
electro-plating solution using a tool (16) which pro- 
vides a first electrode of an electro-plating circuit 
and with a second electrode provided by the tracks 
(14) which are to be electroplated, characterised 

50 In that the conductive tracks (14) are treated with 
a scanning electron beam to ionise the tracks and 
create an opposite polarity to the polarity of the first 
electrode to form the second electrode of the elec- 
troplating circuit. 

55 

2. Am thod according to claim 1 in which the ink form- 
ing the conductive tracks (14) comprises a cured 
polymer composition loaded with electrically con- 
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ductive particles. 

3. A method according to claim 1 or claim 2 in which 
the tool (16) comprises an absorptive member (18) 

in which the plating solution can be carri d, in which 5 
the first electrode is in electrical connection with the 
plating solution carried by the absorptive member 
(18), and in which the coating of plating solution is 
applied to the substrate (12) by wiping the absorp- 
tive member (18) over the substrate (12). io 

4. A method according to any one of the preceding 
claims wherein the plating solution comprises cop- 
per sulphate. 

15 

5. A method according to claim 4 wherein the conduc- 
tive tracks (14) are coated with plating solution to 
deposit a layer of copper on the tracks (14) which 
is about 20 microns ( m) thick. 

20 

6. A tool suitable for use in a method in accordance 
with any one of claims 1 to 5. 
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